Nerium oleander L. is a medium-sized flowering evergreen tree of 2-5 m in height and is planted throughout the world tropical regions as garden and roadside trees. N. oleander was originally distributed in the Mediterranean region, subtropical Asia, and Indo-Pakistan subcontinent. This plant possesses cardiotonic, antibacterial, anticancer, and anti platelet aggregation activity and depresses the central nervous system. 1, 2) In connection with these biological activities, many kinds of secondary metabolites have been reported. Ursolic acid (1), a pentacyclic triterpenoid acid of ursane type, occurs free or as glycosides and glycoside esters in N. oleander L. as well as medicinal herbs and various other plants. 3, 4) This compound is of interest for pharmaceutical industry because of the wide spectrum of pharmaceutical activities. Antiviral, 5) antitumor and cytotoxic, 6) antibacterial, 7) hepatoprotective, 8) trypanocidal, 9) antitubercular, 10) antidiabetic, 11) antioxidant 12) and anti-inflammatory activities 13) have been reported for ursolic acid. Due to the former mentioned interesting bioactivities ursolic acid has been reported to be used as a drug and food additive. 14) It is known that pentacyclic triterpenoids especially the carboxylic acids are recalcitrant to biodegradation and biotransformation, 15) to the extent of being used as chemical markers for taxonomic studies due to their high stability. 16) The pentacyclic triterpenoid acid nature and high stability has stood as a barrier against any in vivo metabolic studies to determine the biological fate of ursolic acid. On the other hand previous incubation of 1 with Nocardia sp., NRRL 5646 resulted in the isolation of two metabolites, oleanolic acid and ursolic acid methyl ester. 17) Another class of compounds isolated in large quantities from genus Nerium is the flavonoids. Flavonoids account for approximately two thirds of the phenolics in our diet as well as a high percentage of the secondary metabolites in N. oleander. 18) Kaempferol is a flovonol type flavonoid with a wide spectrum of bioactivity. It has been isolated from N. oleander L. as well as a wide range of medicinal herbs. 19) Kaempferol represents one of the most potent antioxidant drugs isolated from natural sources. 20, 21) Kaempferol was also found to possess antiatherogenic, 22) anti-inflammatory 23) as well as antidepressant activities. 24) An important factor in the evaluation of safety and efficacy of a drug is the knowledge of how the drug is metabolized. Metabolism is defined as simply the structural modification of a drug by enzymatic systems. 25) Traditionally, drug metabolism studies are conducted on small animal models, in vitro cell cultures, and in vitro enzyme systems. Microbial models may constitute an alternative to animal models as they can mimic the mammalian metabolism. 26) Microorganisms have been widely utilized as models of drug metabolism to predict the fate of xenobiotics in mammalian systems. 27) Since this method often gives sufficient quantities of metabolites, complete chemical structures and pharmacological activities could be detected. Also, they can be used as analytical standards to detect and characterize particular metabolites which could be present in very small amounts in biological fluids. 28) This methodology has the advantage of reducing the use of animals particularly in the early phases of drug development. Presently, it is in use with the same intention to obtain more active or less toxic substances and some selective conversions of compounds to useful derivatives. 26) In the present study, a panel of 41 microorganisms has been screened for the ability to exert a chemical modification on ursolic acid and kaempferol in a trial to predict their fate after mammalian metabolism.
Experimental
General Experimental Procedures 1D and 2D nuclear magnetic resonance (NMR) spectra were recorded in pyridine-d 5 (ursolic acid) and dimethyl sulfoxide (DMSO)-d 6 (kaempferol) on a Bruker Avance DPX-500 spectrometer and on a Varian AS 400 spectrometer using trimethyl silane (TMS) as the internal standard with chemical shifts expressed in d and coupling constants (J) in Hz. InfraRed (IR) spectra were recorded on a Bruker Tensor 27 spectrophotometer. Ultra violet (UV) spectra were obtained on a Varian Cary 50 Bio UV-Visible spectrophotometer. Optical rotations were measured at ambient temperature using a Rudolph Research Analytical Autopol IV automatic polarimeter. High resolution electrospray ionization mass A total of 41 microorganisms from the collection of the National Center for Natural Products Research, University of Mississippi, U.S.A. were used in the preliminary screening experiments to identify organisms capable of metabolizing ursolic acid and kaempferol.
Analytical Scale Fermentation Medium-a 29) consisting of (dextrose, 20 g; NaCl, 5 g; K 2 HPO 4 , 5 g; bacto-peptone (Difco Labs, Detroit, MI, U.S.A.), 5 g and yeast extract (Difco Labs), 5 g per liter of distilled water was used in all fermentation experiments based on a two-stage procedure. 30) Initial screening was performed in 125 ml Erlenmeyer flasks (125 ml) containing 25 ml medium-a. The media were autoclaved for 20 min at 121°C and 15 psi before innoculation. The substrates were added in dimethylformamide (DMF) (5 mg/500 ml) solution to 24 h old stage II cultures. Incubation was carried out at room temperature for a period of 14 d on a rotary shaker (New Brunswick Model G10-21) at 100 rpm.
Monitoring of the samples was carried out at 7-d intervals following substrate addition. Each sample (5 ml) was extracted by shaking with 3ϫ5 ml (EtOAc-(Me) 2 CHOH), (8 : 2) and spun at 3000 for 5 min in a desk-top centrifuge. Each organic solvent extract from all samples was spotted on TLC plates and developed with CHCl 3 -MeOH (9 : 1) and (95 : 5) in case of 1 and (8 : 2) and (8 : 3) in case of 3 as the solvent systems. Culture controls were run simultaneously with the above experiments.
29)
Preparative Scale Fermentation Quartet sets of five 2 l flasks, each containing 500 ml of medium-a were used for preparative scale fermentation of 1 with Aspergillus flavus (ATCC 9170) and kaempferol 3 with Cunninghamella blakesleeana (ATCC 8688A), Mucor ramannianus (ATCC 9628) and Beauveria bassiana (ATCC 13144) were prepared according to a two-stage procedure. Each flask in a set received 100 mg of substrate dispersed 10 ml of DMF for the preparative scale fermentation with each microorganism separately. Culture controls were run simultaneously with the above experiments. 29) Incubation was carried out at room temperature for a period of 14 d on a rotary shaker 100 rpm. The cultures of each microorganism were exhaustively extracted with (EtOAc : (Me) 2 CHOH), (8 : 2) 3ϫ500 ml for each culture flask separately. The solvent was evaporated to dryness under reduced pressure (at 40°C) and the resulted extract of the collective flasks extracts for each microorganism was further dried over anhydrous Na 2 SO 4 .
Isolation and Purification of the Metabolites The resulting extract (493 mg) from fermentation of 1 with Aspergillus flavus (ATCC 9170) was chromatographed over silica gel 60 column (100 g, column f3 cm) using hexanes gradually enriched with CHCl 3 . Purification of metabolite 2 (50.2 mg) was achieved through repeated column and preparative thin layer chromatography (CHCl 3 -MeOH), (95 : 5). For the microbial transformation of 3 by Cunninghamella blakesleeana (ATCC 8688A), the combined cultures extract (572 mg) was chromatographed over silica gel column (120 g, column f3 cm) with CHCl 3 gradually enriched with MeOH until reaching pure MeOH. The fraction containing the metabolites was subjected to further purification using Sephadex LH-20 packed open glass columns (100 g, column f2 cm) with pure MeOH as an eluent to yield two metabolites 4 (51.5 mg) and 5 (25 mg). The extract (667 mg) obtained from the fermentation of 3 with Mucor ramannianus (ATCC 9628) was subjected to flash chromatography (Biotage Horizon) over silica gel (KP-silTM 60 Å cartridge). A gradient MeOH in CHCl 3 was used as the solvent system. The fraction containing the metabolite was further purified using Sephadex LH-20 packed column (50 g, column f1 cm) using MeOH as an eluent to yield one metabolite 6 (2 mg). On the other hand the extract (670 mg) resulted from microbial metabolism of 3 with Beauveria bassiana (ATCC 13144) yielded two metabolites 7 (56 mg) and 8 (6.7 mg). The extract was chromatographed over silica gel (150 g, column f3 cm) with CHCl 3 gradually enriched with MeOH until reaching MeOH. The fraction containing the metabolites was subjected to further purification using different sizes of Sephadex LH-20 open glass columns with MeOH as an eluent.
Acid Hydrolysis and Identification of Sugar The compounds 4, 6, 7 and 8 (1-2 mg) were refluxed with 0.5 N HCl (3 ml) for 2 h. The reaction mixture was diluted with water and extracted with CHCl 3 . The water layer was dried under reduced pressure as well as under N 2 to give the monosaccharide. Identification of sugars was achieved via 1 H-and 13 C-NMR. The absolute configurations were determined through comparing the specific rotation and/or retention time using GCMS with an authentic sample as described by Hara et al. 31) The obtained sugars after the acid hydrolysis were dissolved in pyridine (1 ml) and 0.1 M L-cysteine methyl ester hydrochloride in pyridine (2 ml) was added. The mixture was heated at 60°C for 1 h. An equal volume of Ac 2 O was added with heating continued for another 1 h. Acetylated thiazolidine derivatives were subjected to GCMS analysis (Conditions: Column, JW DB-5, 30 mϫ0.25 mm, 0.25 mm; carrier gas He; injection temperature 280°C, detection temperature 280°C, column temperature; 150°C (1 min), 10°C/min to 250°C (30 min). The configurations were determined by comparing their retention times with acetylated thiazolidine derivatives prepared in a similar way from standard sugars (Sigma-Aldrich) (t R D-glucose 21.32 min, t R L-glucose 22.68 min, t R D-glactose 22.12 min, t R Lrhamnose 15.64 min, t R L-xylose 16 .90 min t R L-arabinose 16.11 min).
Assay for Cytotoxicity of the Isolated Metabolites Cytotoxicity was determined against a panel of mammalian cells that included two noncancer kidney cells (Vero and LLC-PK 11 ) and four solid tumor cells. (SK-MEL skin malignant melanoma, KB oral epidermal carcinoma, BT-549 breast ductal carcinoma and SK-OV3 ovary carcinoma) as described earlier.
30)
Assay for Antioxidant Activity of Isolated Metabolites Inhibition of ROS (reactive oxygen species) generation in HL-60 cells was determined by a flourimetric method as described earlier. 32) Cells were cultured in RPMI medium with 10% FBS and antibiotics at 37°C in an atmosphere of 5% CO 2 . For the assay cells were seeded (125000 cells/well) to the wells of 96-well plates. After treatment with different concentrations of the test compounds for 30 min, cells were stimulated with 100 ng/ml phorbol 12-myristate-13-acetate (PMA, Sigma) for 30 min. DCFH-DA (Molecular Probes, 5 mg/ml) was added and cells were further incubated for 15 min. Plates were read on a PolarStar with excitation wavelength of 485 nm and emission wavelength of 530 nm.
DCFH-DA is a non-fluorescent probe that diffuses into the cells, where cytoplasmic esterases hydrolyse the DCFH-DA to 2Ј,7Ј-dichlorofluorescin (DCFH). The ROS generated within HL-60 cells oxidize DCFH to the fluorescent dye 2Ј,7Ј-dichlorofluorescein (DCF). The ability of the metabolites to inhibit ROS-catalysed oxidation of DCFH is measured in comparison to PMA treated vehicle controls. Vitamin C was used as the positive control. In parallel to antioxidant activity, cytotoxicity to HL-60 cells was also determined as described earlier.
32)

Results and Discussion
Initial screening of 1 and 3 was carried out with 41 microorganisms using the standard two stage procedure. 29) Only Aspergillus flavus (ATCC 9170) showed the capability of transforming 1 to one less polar metabolite, on the other hand, three organisms showed the capability of transforming 3 into different and more polar metabolites. Based on the screening results Aspergillus flavus (ATCC 9170) was selected for scale up fermentation procedure of 1 to yield the 3-oxo derivative of ursolic acid (2). However, Cunninghamella blakesleeana (ATCC 8688A) was able to convert 3 into Table 1 ; it is evident that the 1 H and 13 C chemical shifts data of 1 and 2 were similar with few points of difference. First, the appearance of a new peak resonating at d 216.6 in the metabolite 13 C spectrum together with the disappearance of the CH-OH resonance which was supposed to appear at d 78.4 as in case of ursolic acid. Assuming a carbonyl moiety at C-3 instead of the secondary alcohol may also explain the downfield shift of both C-2 (d 28.4) and C-4 (d 39.7) in case of 1 to d 34.7 and d 47.4 in 2. These differences are rationalized by assuming oxidative effect of Aspergillus flavus (ATCC 9170) enzymes on the secondary alcohol group at C-3 of ursolic acid 3b-hydroxy-urs-12-en-28-oic acid to the corresponding ketone 3-oxo-urs-12-en-28-oic acid (ursonic acid) Fig. 1 Tables 2 and 3 . Based on the above mentioned data and detailed analysis of 1 H-1 H correlation spectroscopy (COSY), heteronuclear multiple quantum coherence (HMQC) and HMBC correlations were found to be in complete agreement with the proposed structure for metabolite 5 which was assigned as kaempferol 4Ј-sulfate. This is the first report for this metabolite from natural source.
Metabolite 6: (2 mg, 0.3% yield) isolated as a pale yellow needles as a product of the metabolism of kaempferol by Mucor ramannianus (ATCC 9628). Negative mode HR-ESI-MS showed a quasi molecular ion at (m/z 431.1120
showed absorption bands at 3398, 1750, 1677, 1290, 1190, and 1069. UV l max (MeOH) nm (log e) 275 (4.01) and 365 (4.04). The 1 H-NMR spectrum of 6 was close to that of 3 but showed some extra proton signals. These signals were consistent with those of rhamnose 36, 37) and shown in Table 2 . These proton signals were easily linked to the new carbon signals at d 98. 4 38, 39) and shown in Table 2 . Further evidence came from the 3 3.44 3H, s CH 3 1.02 (d, 6) sylation was deduced from the H-1Љ/C-7 correlation observed in the HMBC spectrum. The b-configuration of the sugar moiety was consistent with the coupling constant of the anomeric proton (d 5.07, d, Jϭ7.6 Hz). 40) trans-Diaxial relationships were suggested between H-2Љ/3Љ, H-3Љ/4Љ, H-4Љ/5Љ protons, as large coupling constants, (J 2Љ/3Љ ϭ8.0 Hz, J 3Љ/4Љ ϭ8.8 Hz, J 4Љ/5Љ ϭ8.8 Hz) were observed between the respective pairs of protons. The sugar part was further confirmed by comparing the 13 C-NMR resonances with those reported for the corresponding carbons in a similar O-b-D-4-Omethylglucopyranoside. 39) The remaining signals of the NMR spectra confirmed the structure of the aglycone moiety. The assignment of signals of compound 7 was based on COSY, HMQC and HMBC spectra. The configuration of the sugar moiety was assigned by comparison of the physical data, H-NMR spectra of the metabolite were consistent with those of glucose 33, 34) and shown in Tables 2 and 3 Cytotoxicity of the Isolated Metabolites In our studies none of the isolated metabolites (of both ursolic acid and kaempferol) have shown any cytotoxicity up to 25 mg/ml against the tested cell lines. However, it has been reported that carbonylation of ursolic acid at the C-3 position enhances its cytotoxicity 44) and ursonic acid was found to be more active against a series of human cancer cell lines than the parent ursolic acid. 45, 46) This finding puts an emphasis on the fact that drug transformation during its metabolism takes place resulting in the formation of either less toxic and highly polar substances or more active metabolites. 26) Antioxidant Activity of the Isolated Metabolites As shown in Table 4 , ursolic acid (1) and its metabolite (2) inhibited ROS generation in HL-60 cells with an IC 50 of 12 and 25 mg/ml, respectively indicating that 2 was less active than 1. The antioxidant effects of both 1 and 2 were also associated with their cytotoxicity in HL-60 cells.
Kaempferol 3 exhibited a potent antioxidant effect with IC 50 of 0.21 mg/ml without showing any cytotoxic effect up to a highest concentration of 31.25 mg/ml. All the four metabolites of 3 also showed antioxidant properties (Table  4) . Kaempferol sulfate (5) was much less active than 3, 5 and 7.
In conclusion, there were four types of reactions through microbial biotransformation in this report, i.e., oxidation, glycosylation, hydroxylation as well as sulfate conjugation. This study proved that microbial transformation was a useful way to increase the diversity of the natural products as well as the conversion of abundant prototypes to rare products. 
